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DESCRIPTION 
TORQUE METER 



TECHNICAL FIELD 

[001] The present invention relates to torque meters for 

measuring a driving torque produced on an output shaft of rotary 
drive units such as an electric motor and a reduction gear. 



BACKGROUND ART 

[002] A torque meter of this type serves to measure a moment 

for a shaft such as a rotary shaft or a stationary shaft as 
center. 

[003] Typically, detection of torque is made by detecting a 

torsional force of the shaft produced by torque or a torsional 

angle of the shaft changed by torque. As a means for detecting 

the torsional force, means is known which uses a piezoelectric 

element for generating an electric charge proportional to the 
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force received. Moreover, a magnetostrictive element, which is 
an element using a material having magnetic characteristics that 
change when subject to a force, serves to detect torque as force. 
On the other hand, as a means for detecting torsional angle, a 
distortion-gage system and a rotation pulse phase difference 
system are well known. It can detect a minute torsional angle of 
the shaft as a minute displacement. 

[004] Japanese Unexamined Patent Application 2003-083824 

discloses a torque meter. The torque meter includes a plate- like 
elastic body mounted between a flange provided to a rotary drive 
unit and a rotary driven structure, and has a plurality of 
circular holes formed in a torque transfer area. In the torque 
transfer area, a flange fixing part arranged around a central 
through hole and having a fastening means with the flange is 
connected to a base fixing part arranged outside the flange 
fixing part and having a fastening means for a fixing base of the 
rotary driven structure. A distortion gauge is bonded on the 
interior surface of each circular hole to measure distortion due 
to torque acting on the torque transfer area, thus detecting a 
driving torque produced on an output shaft. 



NSCF-005 



3 

[005] However, with the torque meter as shown in Japanese 

Unexamined Patent Application 2003-083824 the rotary shaft and 
stationary shaft often undergo, besides the aforementioned moment, 
loads such as a thrust load (axial-direction load) , radial load 
(radial-direction load) , bending load, and centrifugal load at 
the same time. 

[006] Therefore, in order to avoid the influence of forces 

other than torque, a device is needed to prevent the 
aforementioned torsional force or torsional angle from being 
affected by those loads. 

[007] In order to prevent the influence of forces other than 

torque, Japanese Unexamined Patent Application 53-106181 proposes 
that a plurality of sensors are mounted in the differential- 
sensor structure for torque detection, in which the sensors are 
added to increase an output with regard to torque, and the 
sensors are subtracted to reduce an output with regard to changes 
other than torque. 

[008] However, although Japanese Unexamined Patent 

Application 53-106181 can reduce the influence other than torque 
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by virtue of the actuation structure, influences due to sensor- 
to-sensor unbalance, structural unbalance, etc. had to be removed 
to sufficiently reduce the influence, raising a problem of 
difficulties in the manufacturing process. 

SUMMARY OF THE INVENTION 

[009] The present invention relates to a torque meter that 

allows accurate torque measurement by detecting only torque, 
without being affected by the aforementioned various loads, 
ideally, without any influences other than torque. 

[010] In order to solve the aforementioned problem, the 

first aspect of the present invention is a torque meter including 
an elastic member arranged in a power transmission channel and 
which deforms in response to torque to be measured, and a torque 
detection means for detecting the torque based on the deformation 
of the elastic member, characterized in that it includes a torque 
member for receiving the torque applied to the elastic member, 
and a load member arranged separately from the torque member, for 
supporting a load of the elastic member. 

[Oil] In a second aspect of the torque meter as described in 
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the first aspect of the present invention, characterized in that 
the elastic member includes an input part, an output part, and a 
deforming part arranged between said input part and said output 
part, and that the torque member and the load member are formed 
with the deforming part . 

[012] In a third aspect of the torque meter as described in 

the first or second aspect of the present invention, 
characterized in that the elastic member includes a flange-type 
member, that the torque member and said load member include thin 
parts formed with said elastic member, that said torque member 
has a direction of a surface of the thin part positioned parallel 
to a torque direction, and that said load member has a direction 
of a thickness of the thin part positioned parallel to the torque 
direction. 

[013] In a fourth aspect of the torque meter as described in 

the first or second aspect of the present invention, 
characterized in that the elastic member includes a torsion-bar- 
type member, that the torque member includes a small -diameter 
shaft part, and that the load member includes a thin part formed 
in a radial direction of said small-diameter shaft part and 
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having a direction of a surface positioned in a direction of a 
torsional moment. 

[014] In a fifth aspect of the torque meter as described in 

the first or second aspect of the present invention, 
characterized in that the elastic member includes a cylindrical 
member, that the torque member includes a thin part arranged in a 
circular-arc direction, and that the load member includes a thin 
part arranged in a radial direction. 

[015] In a sixth aspect of the torque meter as described in 

any one of the first to fifth aspect of the present inventions, 
characterized in that the torque detection means are mounted to 
at least one of the torque member and said load member. 

[016] In a seventh aspect of the torque meter as described 

in any one of the first to sixth aspect of the present inventions, 
characterized in that the torque detection means uses two or more 
types of means . 

[017] As described above, the present invention produces the 

following effects: 
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[018] (1) Due to division into the torque member and the 

load member, loads other than torque can mainly be supported on 
the load member, exerting less influence on torque. Therefore, a 
load resistance of the torque detection means of the same torque 
sensitivity can be increased. 

[019] (2) Since the torque detection means can be mounted 

to the torque member or a portion other than the torque member, 
the flexibility of their mounting sites is increased, allowing 
achievement of the structure that facilitates the manufacture. 
Moreover, if the torque detection means is mounted to a portion 
other than the torque member, additional work for reducing 
variation between the torque members during adjustment becomes 
easy to carry out, allowing a reduction in unbalance. By 
mounting the torque detection means to both the torque member and 
the load member, signals of the latter can be used as torque 
correction signals, allowing enhancement in accuracy. 

[020] (3) Two or more types of torque detection means can 

be used. The use of a plurality of types of torque detection 
means allows their switching in accordance with the purpose or 
computing/mixing of their signals, leading to more accurate 
correction of the temperature, etc. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[021] FIG. 1A, IB and 1C show an exemplary embodiment 1 of a 

torque meter according to the present invention; 

[022] FIG. 2A and 2B show the direction that a torque member 

and load member of the torque meter according to the embodiment 1 
receive loads; 

[023] FIG, 3A, 3B and 3C show the direction of deformation 

of the torque member of the torque meter according to the 
embodiment 1 ; 

[024] FIG. 4A, 4B and 4C show the direction of deformation 

of the load member of the torque meter according to the 
embodiment 1 ; 

[025] FIG. 5A, 5B, 5C and 5D show an acting manner of a 

torque and a load in the torque member and load member of the 
torque meter according to the embodiment 1; 



[026] FIG. 6 shows an exemplary embodiment 2 of the torque 
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meter according to the present invention; 

[027] FIG. 7 shows an exemplary embodiment 3 of the torque 

meter according to the present invention; 

[028] FIG. 8 shows an exemplary embodiment 4 of the torque 

meter according to the present invention. 

[029] FIG. 9A, 9B and 9C show an exemplary embodiment 5 of 

the torque meter according to the present invention; 

[03 0] FIG. 10A and 10B show an exemplary embodiment 6 of the 

torque meter according to the present invention; 

[031] FIG. 11A and llBshow an exemplary embodiment 7 of the 

torque meter according to the present invention; and 

[032] FIG. 12A and 12B show an exemplary embodiment 8 of the 

torque meter according to the present invention. 
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PREFERRED MODE FOR CARRYING OUT THE INVENTION 

[033] The present invention relates to detecting torque 

alone with a high accuracy, and without being affected by various 
loads by separating a torque member and a load member. 

[034] With reference to the drawings, etc., a further 

detailed description will be made hereafter by giving the 
embodiments of the present invention. 

[03 5] Exemplary Embodiment 1 

[036] FIG, 1A to 1C are views showing embodiment 1 of the 

torque meter according to the present invention. 

[037] A torque meter 1 in the embodiment 1 is arranged in a 

power transmission channel, and includes an elastic member 10 
that deforms in response to a torque to be measured and torque 
detection means 20 for detecting a torque based on deformation of 
the elastic member 10. 



[038] 



The elastic member 10 is arranged between a main-body 
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part and a fixing part of a rotary drive unit (not shown) . The 
elastic member 10 is made of a metal such as aluminum, and 
includes a flange-type member having a specific thickness and 
upper and lower surfaces arranged parallel to each other. 

[039] The elastic member 10 includes a first fixing part 

(input part) 11 fixed to the main-body part of the rotary drive 
unit, a second fixing part (output part) 12 fixed to the fixing 
part of the rotary drive unit, and a deforming part 13 arranged 
between the first and second fixing parts 11 and 12. 

[04 0] The deforming part 13 is formed with a plurality of 

(here, eight) holes 14, wherein connections between the holes 14 
include a torque member 15 and a load member 16 alternately. 

[041] The torque member 15 is a portion for receiving a 

torque to be applied to the elastic member 10, and includes, as 
shown in FIG. IB, a thin part having the surface which is 
positioned parallel to the torque direction of the elastic member 
10. 



[042] The load member 16, which is arranged separate from 
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the torque member 15, is a portion for supporting a load of the 
elastic member 10, and includes a thin part having a direction of 
a thickness which is positioned parallel to the direction of the 
torque of the elastic member 10. 

[043] In the embodiment 1, each torque detection means 20 is 

configured by placing a distortion gauge on a torque member 15, 
and detects a torque with the conventional differential -sensor 
structure . 

[044] The torque detection means 20 such as a distortion 

gauge or the like are mounted to the torque member 15. 
Optionally, they may be mounted to portion different from the 
torque member or may be placed only on some of the torque member 
15 . 

[045] FIG. 2A and 2B are views showing the direction that 

the torque member and load member of the torque meter according 
to the embodiment 1 receive loads. FIG. 3 is a view showing the 
direction of deformation of the torque member of the torque meter 
according to the embodiment 1. FIG. 4 is a view showing the 
direction of deformation of the load member of the torque meter 
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according to the embodiment 1 . 

[046] With the torque member 15, since a torque T and a 

radial load Ra are applied in the surface direction, and a thrust 
load S and a moment M are applied in the thickness direction as 
shown in FIG. 2A, deformation due to the torque T is as shown in 
FIG. 3A, deformation due to the thrust load S and moment M is as 
shown FIG. 3B, and deformation due to the radial load Ra is as 
shown in FIG. 3C. 

[047] With the load member 16, since the torque T is 

applied in the direction of thickness and the radial load Ra, 
thrust load S, and moment M are applied in the direction of 
surface as shown in FIG. 2B; deformation due to the torque T is 
as shown in FIG. 4A, deformation due to the thrust load S and 
moment M is as shown in FIG. 4B, and deformation due to the- 
radial road Ra is as shown in FIG. 4C. 

[048] FIG. 5A to 5D are schematic views showing an acting 

manner of a torque and a load of the torque member and load 
member of the torque meter according to the embodiment 1 . 
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[04 9] Assuming that the torque member 15 and load member 16 

are rectangular parallelepipeds having the same cross- sectional 
area and the same length-to-width ratio (suppose that the length- 
to-width ratio is 1:5, for example), it can be considered that 
the difference between the torque member 15 and the load member 
16 results from the difference in direction of a force received. 
It is noted that the radial direction is not considered here 
since the torque member 15 and load member 16 are equal with 
respect to the radial direction. 

[050] Assuming that the rectangular parallelepiped (FIG. 5A) 

is a beam having both ends fixed, a deflection 5 with respect to 
a load (R) is expressed by the following formula (1) : 

[051] 6=(L 3 /12E) • (1/1) -R ... (1) 

[052] Next, a load share ratio is obtained between the 

torque member 15 and the load member 16. 

[053] When the torque member 15 and load member 16 exist 

simultaneously, deflections when applying loads are the same. 
Assuming that loads shared at that time are Rl and R2, the 
following formula (2) is formed: 

NSCF-005 



15 

[054] (L 3 /12E) • (1/11) -Rl =(L 3 /12E) • (1/12) -R2 ... (2) 



[055] If E and L are the same, it is expressed by the 

following formula (3) : 

[056] (12/11) = (R2/R1) ... (3) 



[057] Here, since consideration is made with regard to the 

rectangular parallelepiped having 1:5 length-to-width ratio as 
shown in FIG. 5D, a secondary sectional moment is expressed by I- 
(l/12)bh 3 , and consequently: 

[058] Il=(l/12)h- (5h) 3 =(l/l2) -125h 4 ... (4) 

[059] I2=(l/12)5h- (h) 3 =(l/12) -5h 4 ... (5) 

[060] (R2/R1) = (12/11) = (1/25) ... (6) 



[061] In the aforementioned example, the torque member 15 

shares a torque corresponding load 25 times greater than the load 
member 16. Therefore, an internal stress occurs, allowing 
measurement of distortion with excellent sensitivity. 



[062] On the other hand, as for a thrust load and moment, 

contrary to torque, the torque member 15 shares 1/25 (ratio of a 
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secondary sectional moment) of a load of the load member 16. 

[063] As described above, the torque meter 1 in the 

embodiment 1 allows intentional selection of a force to be 
received by suitably aligning the sectional shapes of the torque 
member 15 and load member 16 in the load direction. Thus, after 
suitably aligning the torque member 15, the load member can 
appropriately be positioned in accordance with other load 
capabilities as required. 

[064] Therefore, loads other than torque can mainly be 

supported on the load member 16, exerting less influence on 
torque. Therefore, a load resistance of the torque detection 
means 20 of the same torque sensitivity can be increased. 

[065] Specifically, in addition to the actuation-sensor 

structure, the torque meter 1 is configured by structurally 
separating the torque member 15 that is a member for receiving a 
torque and other member such as load member 16 that is a member 
for receiving a load, supporting loads separately from a torque. 
Thus, their influences on torque can further be reduced. 
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[066] Moreover, by separating the torque member 15 and the 

load member 16, an influence of loads can be reduced, allowing 
increase in load rigidity only, without changing the torsional 
amount (without changing the sensitivity with respect to torque) . 

[067] Exemplary Embodiment 2, 

[068] FIG. 6 is a view showing embodiment 2 of the torque 

meter according to the present invention. 

[069] It is to be noted that, in the embodiments depicted 

below, the same numerals or the unified end numerals are given to 
the parts that fulfill the same function as in the embodiment 1 
described above, and an overlapping description and drawings are 
omitted as appropriate. 

[070] With a torque meter IB in the embodiment 2, a 

deforming part 13B is formed with eight grooves 14B, wherein 
connections between the grooves 14B include torque member 15 and 
load member 16 alternately. 

[071] According to the embodiment 2, even if the torque 
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member 15 and the load member 16 are broken, the groove 
structures 14B will serve as a guide so that an effect of 
reducing danger and damage can be expected. Moreover, by 
changing the holes 14 in the embodiment 1 to the structure of the 
grooves 14B in the embodiment 2, the execution methods can also 
be changed, which can be selected as appropriate. 

[072] Exemplary Embodiment 3 

[073] FIG. 7 is a view showing embodiment 3 of the torque 

meter according to the present invention. 

[074] With a torque meter 1C in the embodiment 3, a 

deforming part 13C is formed with four grooves 14C, in which 
connections between the grooves 14C include two load members 16C 
and 16C and one torque member 15C held therebetween. 

[075] In such a manner, the number of torque members and 

load members may be different. Specifically, according to the 
embodiment 3, the number of load members can be selected in 
accordance with the magnitude of loads other than torque. 
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[076] Exemplary Embodiment 4 

[077] FIG. 8 is a view showing embodiment 4 of the torque 

meter according to the present invention. 

[078] With a torque meter ID in the embodiment 4, a 

deforming part 13D is formed with eight grooves 14D, wherein 
connections between the grooves 14D include a torque member 15D 
and a load member 16D alternately. 

[079] In this embodiment 4, torque detection means 21 and 22, 

which are different, are further provided to the torque member 
15D and the load member 16D. 

[080] Using a distortion gauge as the torque detection means 

21 and a capacitance- type sensor of excellent responsivity as the 
torque detection means 22, for example, signals of any one of the 
sensors can be used in accordance with the purpose. Specifically, 
the torque detection means can be selected as appropriate in 
accordance with the use. For example, when the responsiveness is 
required, in contrast the stability (noise and temperature 
characteristics) is not so required, or when the responsiveness 
is not so required, in contrast the stability is required. 
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[081] In the embodiment 4, the torque detection means 21 and 

22 are mounted to both the torque member 15D and the load member 
16D to thereby allow the use of signals of the latter as torque 
correction signals, leading to a possible enhancement in accuracy. 

[082] Exemplary Embodiment 5 

[083] FIG. 9A to 9C are views showing embodiment 5 of the 

torque meter according to the present invention. 

[084] A torque meter 3 in the embodiment 5 includes a 

flange-type elastic member 30 arranged in the power transmission 
channel and which deforms in response to a torque to be measured. 

[085] The elastic member 30 is made of metal such as 

aluminum, and includes a wheel-like member having a predetermined 
thickness and upper and lower surfaces arranged parallel to each 
other. 

[086] The elastic member 30 includes a first fixing part 

(input shaft) 31 fixed to a main-body part of the rotary drive 
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unit, a second fixing part (output shaft) 32 fixed to the 
stationary part of the rotary drive unit, and a deforming part 33 
arranged between the first and second fixing parts 31 and 32. 

[087] In the embodiment 5, the deforming part 33 includes a 

torque member 3 5 and a load member 36 arranged alternately in a 
spoke -like manner. 

[088] The torque member 35 include, as shown in FIG. 9B, a 

thin part having the direction of the surface which is positioned 
parallel to the torque direction of the elastic member 30. The 
load member 3 6 includes, as shown in FIG. 9C, a thin part having 
the direction of the thickness which is positioned parallel to 
the torque direction. Torque detection means 4 0 include a 
distortion gauge placed on the torque member 35. 

[089] Exemplary Embodiment 6 

[090] FIG. 10A and 10B are views showing embodiment 6 of the 

torque meter according to the present invention. 

[091] A torque meter 3B in the embodiment 6 is similar to 
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that in the embodiment 5 in that a deforming part 33B of a 
flange-type elastic member 30B connects a first fixing part 31 to 
a second fixing part 32 by a torque member 35B and a load member 
36B. 

[092] However, the torque member 3 5B includes, as shown in 

FIG. 10B, three thin parts arranged in the tangential direction 
of the first fixing part 31. The load member 36B includes three 
thin parts arranged in the radial direction of the first fixing 
part 31. The torque detection means 40 include a distortion 
gauge placed on the torque member 35B. 

[093] Exemplary Embodiment 7 

[094] FIG. 11A and 11B are views showing embodiment 7 of the 

torque meter according to the present invention. 

[095] A torque meter 5 in the embodiment 7 is arranged in 

the power transmission channel, and includes a torsion-bar- type 
elastic member 50 that deforms in response to a torque to be 
measured. 
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[096] The elastic member 50 is made of metal such as 

aluminum, and includes a shaft member having a predetermined 
diameter. The elastic member 50 includes, as shown in FIG. 11A, 
a first fixing part (input shaft) 51, a second fixing part 
(output shaft) 52, and a deforming part 53 arranged between the 
first and second fixing parts 51 and 52. 

[097] In the embodiment 7, the deforming part 53 is formed 

with four cuts 54 as shown in FIG. 11B. A torque member 55 
includes a small-diameter shaft part. A load member 56 includes 
a thin part arranged in the radial direction of the torque member 
55 and having the direction of the thickness which is positioned 
parallel to the direction of torque. 

[098] Torque detection means 60 are configured to detect 

encoder disks 61 and 62 arranged at the input and output of the 
elastic member 50 through non-contact sensors 63 and 64. 

[099] Exemplary Embodiment 8 

[0100] FIG. 12A and 12B are views showing embodiment 8 of the 

torque meter according to the present invention. 
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[0101] A torque meter 7 in the embodiment 8 is arranged in 

the power transmission channel, and includes a cylindrical 
elastic member 7 0 that deforms in response to a torque to be 
measured. 

[0102] The elastic member 70 includes, as shown in FIG. 12A, 

a disk-like first fixing part (input shaft) 71, a disk-like 
second fixing part (output shaft) 72, and a deforming part 73 
arranged between the first and second fixing parts 71 and 72. 

[0103] With the deforming part 73 in the embodiment 8, as 

shown in FIG. 12B, a torque member 75 includes four thin parts 
that are sections of a cylinder. A load member 76 includes a 
small -thickness part arranged in the radial direction. 

[0104] Torque detection means 80 include a distortion gauge 

placed on the torque member 75. 

[0105] The embodiments 5 to 8 have manufacturing and working 

methods that vary in accordance with the difference in structure, 

and thus can be selected as appropriate in consideration of 

performance, cost, etc. By way of example, the embodiment 7 
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allows a reduction in shaft outer diameter in terms of the 
structure and thus a reduction in moment of inertia, providing 
availability when intending to reduce an influence of a moment of 
inertia. 

[0106] Variation 

[0107] Without being limited to the embodiments as described 

above, various changes and modifications are possible, which are 
also within the scope of equivalents of the present invention. 

[0108] (1) The number of torque members and that of load 

members may be identical or different. 

[0109] (2) The torque member and the load member may be 

connected or may not be connected. Moreover, the torque member 
and the load member may not be paired. 

[0110] (3) There may provide a plurality of torque 

detection means or a plurality of types of torque detection means. 
Moreover, the torque detection means may have a load sensor to 
use its signals as correction signals. 
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